The results of evaluation of hybrids sunflower for yield variability at very high air temperatures in the moderately arid agroclimatic zone of Ukraine are presented. In 2007-2008 and 2014-2015, 99 simple and three-line hybrid combinations based on lines-parents bred in the Plant Production Institute named after V.Ya. Yuriev of NAAS, Institute of Oil Crops of NAAS and Plant Breeding and Genetic Institute -National Center of Seed and Cultivar Investigation were tested. The "heat resistance index" of the genotype was proposed; the best hybrid combinations, which maintain high performance at very high air temperatures, were selected.
fertility, leading to pollen sterilization, "burnout" of stigmas and reduction in the amount of seeds, sometimes to zero [13, 14] . Temperatures above 27°C during the filling period (August) significantly reduces the ultimate weight of achenes [15] . Evaluation of genotypes on a provocative background, where the factor limiting yields in the region (in particular, very high temperatures) acts, will allow detecting resistant accessions [16] .
Here, the methodical issue of choosing a statistical parameter for selection of accessions that can maintain stable yields under certain environmental conditions or reduce them less than other genotypes arises.
Purpose and objective. The purpose of the study was to develop methodological approaches to quantification of the yield variability of sunflower hybrids at very high air temperatures (heat).
Materials and methods. The field experiments were carried out in the scientific crop rotation fields of the Plant Production Institute named after V. Ya In the text, the following symbols are used: Khi -trials of genotypes were conducted in the PPI nd. a V.Ya. Yuriev in the i th year; Zi -trials of genotypes were conducted in the IOC in the i th year; Оі -trials of genotypes were conducted in the PBGI-NCSCI in the i th year; Li -trials of genotypes were conducted in LIAP in the i th year; Si -trials of genotypes were conducted in the IANE in the i th year. According to agroclimatic zoning, the lands used by the research institutions are located in the moderately arid zone and the insufficiently humidified zone [17] . The PPI's land is located in the moderately arid agro-climatic zone; the agro-soil zone is the forest-steppe of the Left-Bank high southeast agro-soil province with typical black earths. The IOC's lands are located in the moderately arid zone; the agro-soil subzone is the northern steppe of the northern steppe RightBank agro-soil province with typical black earths. The lands of the experimental base "Dachna" of the PBGI-NCSCI are located in the moderately arid zone; the agro-soil subzone is the southern steppe of the southern-steppe Right-Bank agro-soil province with southern black earths. The LIAP's lands are is located in the moderately arid zone; the agro-soil subzone is the northern steppe of Donetsk agro-soil province with common black earths. The IANE's lands are located in the insufficiently humidified agro-climatic zone; the agro-soil zone is the forest-steppe of the north-eastern high agro-soil province with typical black earths.
The sum of active temperatures (above +10°С) varies from 3200-3400°С (PBGI-NCSCI) to 2400°С (IANE). The average annual precipitation varies from 350-390 mm (PBGI-NCSCI) to 590 mm (IANE).
The weather conditions during the sunflower growing season (May-August) significantly differed over the study years and sites.
In Kharkiv (data of the weather station "Airport", 49°55'N, 36°17'E), the average daily temperature in May-August was 21. Thus, the soil and weather-climatic conditions in the study years and sites significantly differed and allowed full covering the range of agroclimatic conditions of the potential dissemination acreage of sunflower hybrids.
The data on the average maximum temperature (t max ) in July and the first 10 days of August were used to determine differences between the temperature regimens of the study years and sites and to select the environment with the maximum stress load.
In environment Z 07 , the t max in July (34.3°C) was significantly (by 4.8°C) higher than the average t max (29.5°C) ( Table 1 ). The average yield of hybrids in Z 07 was 2.51 t/ha and did not differ significantly from the average yield across the variants (2.49 t/ha). In environment Z 14 , the t max in August (34.6°C) significantly (by 3.4°C) exceeded the average t max across the variants (31.2°C) ( Table 2 ). The average yield of hybrids in Z 14 amounted to 1.96 t/ha and was significantly lower (by 0.83 t/ha) than the average yield across the variants (2.79 t/ha). The field investigation were planned and organized, and data were statistically analyzed in accordance with the field experimentation methodology [18, 19] . A licensed data analysis and statistics add-in for MS Excel and "Statistica 6.0" licensed software were used. The response of hybrids to the growing conditions was determined by A.V. Kilchevskiy and L.V. Khotylyova's method [16] . According to this method, the response of a hybrid to cultivation conditions is characterized by its general adaptability (V i ) and the specific adaptability (SA) effects (deviation from the general adaptability in a given environment). The integral index of the genotype breeding value (GBV i ) was compared with the mean GBV in the sample under investigation.
Results and discussion. In 2007-2008, tests of 69 hybrid combinations in four sites (Kharkiv, Zaporizhzhia, Odesa, Luhansk) allowed estimating the general adaptability V i and eight values of SA ik for each of the studied combinations. According to the data presented in Ta The SA ik effects estimated for environment Z 07 , in which the t max in July significantly exceeded the average t max across the variants (see Table 1 ), is proposed as the heat resistance index of the k th genotype (I h ). In environment Z 07 , 10 hybrid combinations (15% of the studied ones) with significantly stronger SA ik effects (I h ), which varied from 0.30* to 0.61*, were selected (Table 4). The yields of these hybrid combinations ranged within 2.50 -3.33* t/ha (the average yield = 2.49 t/ha in the experiment; the average yield = 2.51 t/ha across the environments), and, according to the general adaptability Vi, they belonged to the genotype group with a low (the average group value Vi = -0.30), or medium (the average group value Vi = 0.01) or a high (the average group value Vi = 0.29) general adaptability. Five hybrid combinations combined a high general adaptability with a high heat resistance index (from 0.32* to 0.50*). Hybrid combinations PerN A/Kh 785 V (3.33* t/ha) and Od 391 A/Kh 720 V (3.27* t/ha) gave the highest yields. As to GBV i , hybrid combinations PerN A/Kh 720 V, Od 391 A/Kh 720 V, PerN A/Kh 785 V were the best in terms of yield and its stability (as compared to the average GBV of 1.25 in the experiment). However, among the genotypes selected by I h , there were those that were inferior to other hybrids (ZL 52 A/Kh 843 V, GBV i = 0.75) according to their breeding value.
Thus, hybrid combinations with a high heat resistance index at very high temperatures in July had low to high general adaptability, and 5 combinations (7.2% of the studied ones) combined a high general adaptability with a high heat resistance index. * -significant differences with significance level of 5%
In 2014-2015, tests of 34 three-line hybrid combinations in four sites (Kharkiv, Zaporizhzhia, Odesa, Sumy) allowed estimating the general adaptability Vi and eight values of SA ik for each combination under investigation. We propose the SA ik computed for environment Z 14 , in which the t max of the first 10 days of August significantly exceeded the average t max across the variants (see Table 2 ), as the heat resistance index of the k th genotype (I h ). The best 10 genotypes were distinguished after ranking the hybrids by I h (Table 5 ). * -significant differences with significance level of 5%
The I h of these combinations varied from -0.46 to -0.68, with the average of -0.83 in the environment. In terms of the general adaptability Vi, these hybrid combinations belonged to a group of genotypes with a low (the average group value Vi = -0.22), or medium (the average group value Vi = 0.00), or a high (the average group Vi = 0.21) general adaptability. Two hybrid combinations (5.9% of the investigated ones) coupled a high general adaptability with a high heat resistance index: Skh 51 А / Оd 391 B // Kh 06134 V and Skh 51 A / ZL 50 B // Kh 06134 V. Their yields varied from 2.00* to 2.35* t/ha (the average = 2.79 t/ha in the experiment; the aver-age = 1.96 t/ha in the environment); therefore, it was significantly lower compared to the average in the experiment, but exceeded the average in the environment. The highest yields were obtained from hybrid combinations Skh 1002 A / ZL 50 B // Kh 06134 V (2.35* t/ha) and Skh 1006 A / Od 973 B // Kh 06135 V (2.3* t/ha). The same hybrid combinations were the best in terms of yield and its stability (according to their GBV i compared with the average GBV of 1.40 in the experiment). However, among the genotypes selected by I h , there were those that were inferior to other hybrids by breeding value (GBV i = 1.32 for combination Mkh 524 A / ZL 50 B // Kh 06134 V; GBV i = 1.34 for combination Skh 51 A / ZL 50 B // Kh 06134 V).
Thus, at high temperatures of the first 10 days of August, two hybrid combinations (5.9% of the studied ones) coupled a high general adaptability with the highest heat resistance index of the studied combinations.
Line -pollen fertility restorer Kh 06134 V, which is resistant to downy mildew race 730, with a high combining ability for the seed yield and other useful features, was the male component of the best three-line hybrids [20] .
Conclusions.
Basing on dependence of the sunflower yield on the temperature regime during the growing season, we proposed the heat resistance index of a genotype in the field conditions, which is defined as the specific adaptability (SA ik ) effect calculated for each hybrid in an environment with a high temperature, i.e., the average maximum air temperature for a certain period.
In 2007 with the t max of 34.3°С in July, in the IOC's experimental field, 5 hybrid combinations (7.2% of the studied ones) were selected. They combined a high general adaptability with a high heat resistance index (from 0.32* to 0.50*). In 2014 with the t max of 34.6°C in the first 10 days of August, in the IOC's experimental field, 2 hybrid combinations (5.9% of the studied ones), which combined a high general adaptability with the highest heat resistance index of the combinations under investigation (from -0.64 to -0.65), were detected.
The heat resistance index is suitable for selection of accessions that, in a certain group of genotypes, at very high temperatures, are able to maintain stable yields, or reduce them less than other genotypes.
